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TRANSFER OF SKILLS FROM MICROSOFT FLIGHT SIMULATOR X TO AN AIRCRAFT
Mark N. Callender, Wayne A. Dornan, Wendy S. Beckman, Paul A. Craig, Steve Gossett
Middle Tennessee State University
Murfreesboro, Tennessee
In the spring of 2008, with funding from the Aircraft Owner’s and Pilot’s Association,
Middle Tennessee State University performed a study to evaluate the transferability of
skills from Microsoft Flight Simulator X (MSFSX) to an aircraft for novice flight
students. Nine students practiced tasks in six MSFSX Flight Lesson modules until the
modules were successfully completed. The number of iterations required by students to
accomplish each module satisfactorily was recorded. These students, along with nine
others which comprised the control group, received flight training in a DA-40 for the
same six maneuvers. They were subsequently evaluated on the number of attempts
required to perform each maneuver successfully. The Transfer Effectiveness Ratio was
utilized to calculate the transfer of training from MSFSX to the aircraft for each
maneuver. The data suggest that the MSFSX packaged Flight Lessons modules have the
capability to improve novice student performance in an aircraft.
With fuel, insurance, and maintenance costs increasing, the cost of flight training is continuing to
rise as well. These increases, added to an already expensive endeavor, make affording flight training a
more difficult task for flight students. To counter these effects, simulation has become widely used to
support flight training curricula as a lower cost alternative. Several types of simulation devices are
available and approved for training by the Federal Aviation Administration (FAA). Flight simulators and
flight training devices (FTDs) are devices that provide high levels of realism with full sized cockpits and
visual systems; the difference being that flight simulators provide force cueing (CFR, 2007, Part 61)
while FTDs do not. These devices very closely replicate the aircraft they are meant to model; however,
the cost of these devices also more closely model the prices of the aircraft they represent. This relegates
their acquisition and use to larger flight training operations such as the military, airlines, and university
aviation programs. The FAA has approved the use of lower cost options in the form of personal
computer-based aviation training devices (PCATDs). PCATDs may be used for up to ten hours of
instrument instruction in both Parts 61 and 141 (FAA, 1997). They are much simpler than simulators and
FTDs, consisting of a computer, a monitor, flight and engine controls, and a means by which to control
other devices such as flaps and radios. The cost of these devices make them much more accessible to
smaller flight training operations; however, several thousand dollars (Koonce & Bramble, 1998) is still
out of reach for most individuals. Non-FAA approved PCATDs are commercially available in the form
of flight simulation games utilizing off-the-shelf gaming joysticks, yokes, and rudder pedals. With home
computers becoming more commonplace, adding these store bought simulation systems can be done for
less than $100. For anyone able to afford flight training, this cost is minimal. Advances in computer and
simulation technology have brought these “games” from relatively humble beginnings into very realistic
representations of flight, rivaling FAA approved systems. Although these inexpensive systems are not
approved and cannot be logged, they may still benefit flight students. Currently the average time required
for an individual to complete the Private Pilot Certificate is in excess of 75 hours (FAA, 2006), although
the minimum Part 61 time required is only 40 hours (CFR, 2007, Part 61). If a training device were able
to prepare flight students to more efficiently utilize their time in an aircraft, their aircraft training time
could be significantly reduced; thereby, reducing the cost of flight training.
In the spring of 2008, Middle Tennessee State University (MTSU) began a several month long
research project, funded by the Aircraft Owner’s and Pilot’s Association’s (AOPA’s) Air Safety
Foundation (ASF), in an effort to assess Microsoft Flight Simulator X ‘s (MSFSX’s) effectiveness as a
training aid for ab initio pilots. The study followed eighteen subjects from zero flight experience to
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successful completion of selected Private Pilot tasks (FAA, 2002) in MTSU’s Diamond DA-40 aircraft.
The effectiveness of MSFSX was determined based upon the established metric, the Transfer
Effectiveness Ratio (TER) (Roscoe & Williges, 1980). This research program differed from other studies
in that MSFSX is a non-FAA approved, inexpensive, commercially available system which can be used
independently of a flight instructor; and, the tasks evaluated were directed at ab initio pilots.
Transfer Effectiveness
Training aids are of benefit only if the experience they provide positively transfers to the aircraft.
Positive transfer means that time spent using the training aid reduces the amount of time spent training in
the aircraft. Neutral transfer indicates that use of the training aid had no effect on training time in an
aircraft, while negative transfer implies that more time was spent in the aircraft than otherwise necessary,
possibly due to poor habits imparted by the training aid. One method of determining the relative value of
training aids is the TER (Roscoe & Williges, 1980). This metric compares two groups and their number
of attempts at a particular task in the actual environment until acceptable performance has been reached.
One group has the opportunity to practice the task by using a training aid. The other does not. The
number of attempts taken to achieve proficiency by using the training aid then normalizes the difference
between the numbers of attempts each group made in the real environment. Symbolically, the TER is
given below:

TER =

Yo − Yx
X

Yo represents the control group’s average number of attempts at a task in the actual environment
until proficiency, given no prior experience. Yx represents the experimental group’s average number of
attempts at the same task in the actual environment until proficiency, given prior experience utilizing a
training aid. X represents the experimental group’s number of attempts in the simulated environment
until proficiency is reached. The TER directly indicates the number of attempts saved in the real
environment relative to the number of simulated attempts. With information about the average time for
each attempt and cost per hour of the aircraft and simulator, the TER also indicates time and cost savings
achieved by simulation (Callender, 2008). Many research programs investigating transfer effectiveness of
flight simulators and FTDs look only at TERs; however, these devices are very expensive, requiring
substantial per hour fees. When this factor is analyzed, higher TER values become necessary in order to
justify the use of simulation even with positive transfer for certain tasks. This is where lower cost
simulation products become advantageous. They require much lower positive TER values to begin
providing cost savings to flight students.
Method
Participants
This MTSU study solicited volunteers from the local area (Murfreesboro, TN). Eligibility for the
study required that participants have no prior flight training, little to no experience using MSFSX, and
comfort using a computer. Preference was given to individuals who answered affirmatively to having a
strong desire to learn to fly. From the group of volunteers meeting these requirements, eighteen were
randomly selected to participate. Nine participants were placed in the control group and trained in MTSU
DA-40 aircraft by MTSU certified flight instructors (CFIs). Nine other participants were placed in the
experimental group to receive training using the MSFSX package followed by training in the DA-40. The
participants were not enrolled in a collegiate flight training program.
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Apparatus
The purpose of this study was to evaluate the effectiveness of MSFSX; therefore, this software
constituted the main component of the experimental simulation system. MSFSX is unique in that it has
built in interactive lessons utilizing a virtual flight instructor. This system, unlike most other flight
simulators, FTDs, and PCATDs, provides instruction, with feedback, without outside assistance;
therefore, no CFI was necessary for operation of this system. The hardware consisted of a Dell Optiplex
745 personal computer which met the minimum requirements of the software, with a 19” flat panel
display, and a Saitek PS33 Aviator joystick with integrated throttle levers. The system was placed on a
table top with a chair for the participant and a chair for an observer. The aircraft used by both groups
were MTSU Diamond DA-40s equipped with round dial primary instrumentation. MTSU CFIs provided
the necessary instruction for the aircraft training flights.
Training Curricula
The training curriculum used for the experimental group was based upon available lesson
modules within MSFSX. The selected lesson modules corresponded to six predetermined Private Pilot
tasks (FAA, 2002). Each lesson module consisted of a text based description/explanation of the lesson
with the expectations for successful completion clearly stated. Each lesson began with audio instruction
from the virtual instructor usually followed by a visual demonstration of the task. The participant was
then asked to perform the task within the prescribed tolerances. Exceeding the tolerances resulted in a
visual alert in the form of a message at the top of the screen and a verbal alert from the virtual instructor.
Lesson modules were completed in a specified order, with completion of one lesson being prerequisite to
completion of the next. Participants in the experimental group first completed all of the relevant MSFSX
lessons before transitioning to the aircraft, while control group participants immediately began training in
a DA-40. The same six tasks were trained in the aircraft in the same order as that prescribed for MSFSX.
Instruction in the aircraft was given by two MTSU CFIs following a script in order to standardize
instruction to all participants. The CFIs verbally introduced/explained a task, demonstrated the task, and
asked the participant to perform the task to certain standards. The standards used mirrored those within
the MSFSX lessons.
Data Collection
The tolerances within MSFSX were the basis for evaluation both within the simulation and in the
aircraft. During the MSFSX training, an observer recorded, on a data collection form, the number of
attempts it took a participant to complete a task without exceeding any parameter indicated by the
program. In the aircraft, the CFI first identified a tolerance exceedance and then recorded the number of
attempts it took a participant to complete a specified task without tolerance exceedance on a similar data
collection form. Both the MSFSX observers and the CFIs were given training within MSFSX or a DA-40
FTD, as appropriate, in recognizing and recording tolerance exceedances prior to working with
participants.
Design
This experiment utilized a control group and an experimental group. The control group received
training in the DA-40 aircraft only. The experimental group received training in both the aircraft and
MSFSX. The independent variable was whether or not a participant received prior preparation in
MSFSX. The dependent variables were the number of attempts until successful completion of the six
tasks trained. With only six dependent variables, t tests were performed, following F tests for variance, in
order to assess whether significantly fewer attempts were required by the experimental group to achieve
proficiency at the prescribed tasks.
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Results
Since there were only two groups being compared and a relatively small number of tasks
evaluated, simple F and t tests were used to evaluate the difference between the mean numbers of
attempts for each group. Table 1 lists the mean number of attempts for each group by flight task. Table 2
lists the TER and p values for each task. Only one task showed a statistically significant difference in the
number of attempts taken by each group in the aircraft; however, five out of six tasks resulted in positive
TER values. The lack of significant differences between the majority of the means may be due to the
small sample sizes of the groups coupled with the large variances within some of the tasks. In the case of
Power-Off Stalls, the negative TER value may be indicative of negative learning effects due to the stall
lesson within MSFSX, or it may also be due to the small sample sizes.
Table 1. Average attempts to complete six piloting tasks in an aircraft
Task
Straight-and-Level Flight
Constant Airspeed Climb
Constant Airspeed Descent
Slow Flight
Power-Off Stall
Steep Turn

Experimental
M
SD
2
1.5
1.22
0.44
1.56
0.53
1.56
0.73
1.89
2.03
2.78
2.82

Control
M
2.11
2.33
1.67
2.11
1
3.56

SD
1.54
1.32
0.87
1.62
0
2.6

Table 2. Transfer Effectiveness Ratios (TER) for six piloting tasks
Task
Straight-and-Level Flight
Constant Airspeed Climb
Constant Airspeed Descent
Slow Flight
Power-Off Stall
Steep Turn

TER
0.04
0.36
0.03
0.08
-0.25
0.23

p
0.88
0.03
0.75
0.36
0.22
0.55

Discussion
Positive TERs indicate that beneficial transfer of training occurred. The magnitude of the TER
represents the extent to which this transfer occurred. That FTDs and flight simulators may provide
significant positive transfer has been shown in recent studies (Macchiarella, Brady, & Lyon, 2008);
however, positive TERs do not necessarily translate to financial benefit to the student pilot. Given the
high acquisition and operational costs of flight simulators and FTDs, flight training institutions must
charge substantial per hour fees for their use. This leads to a minimum positive value of TER at which a
cost benefit will be seen by a flight student. If a task to be trained has a TER lower than this minimum
value, although the transfer remains positive, training this task in the simulator will not necessarily benefit
the student financially. MSFSX, with acquisition cost for the software and joystick under $100 and no
operational costs thereafter, significantly reduces the minimum TER required to provide positive financial
benefit to student pilots. The acquisition cost for the software places it within the reach of many flight
schools and flight students unable to afford more expensive systems. Student pilots, utilizing MSFSX at
home, can train more conveniently and frequently than otherwise possible. It has been shown that when
the time spent training particular tasks in simulation increases, the transfer effectiveness decreases
(Roscoe & Williges, 1980). This means that as the time spent using simulation increases, the amount of
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benefit gained in the aircraft does not increase proportionally. The TER is therefore reduced. For higher
priced systems, this decrease in transfer effectiveness limits the amount of time that it is cost effective to
spend in simulation. However, for MSFSX, even though the transfer effectiveness would also likely
decrease as more time is spent, the lack of operational cost would allow extended use to provide ever
increasing transfer without additional cost as a concern. This increased transfer could lead to pilots
becoming more knowledgeable and proficient before attempting a task in an aircraft. This increase in
skill level may be able to reduce the average time required to achieve the Private Pilot Certificate, which
would also reduce the cost of obtaining the certificate.
Conclusion
The results of this study suggest that positive transfer is achieved when using MSFSX prior to
training in an aircraft. An expansion of this study with larger sample sizes and more pilot tasks should be
used to verify these findings. This study was performed in a highly controlled environment; however,
MSFSX was designed to be used by individuals independently. The study summarized above constituted
Phase I of a two phase AOPA-funded project. Phase II will follow participating flight students from noncollegiate flight training programs from zero time through receipt of their Private Pilot Certificate. Study
participants will receive MSFSX, a joystick, and rudder pedals to use in their homes throughout their
flight training. The average number of hours these students take to receive the Private Pilot Certificate
will be compared to the average flight hours of students at the same training facilities who do not enroll in
the study. Phase II is currently underway.
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